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ABSTRACT
Ringleb, Richard V., M.S., March 1989

Forestry

Use of Remotely Sensed Data to Predict Green Biomass and
Grazing Capacity in Eastern Montana.
Director:

Les Marcur

This study was conducted with the Bureau of Indian Affairs
to identify some practical applications of remotely sensed
data to range management.
Black-and-white photographs of a study area on the Crow
Indian Reservation were examined with the Linear Measuring
Set to determine grazing capacity. Each (legal) section in
the study area was identified on the photographs and
density-sliced into grey level classes using the Linear
Measuring Set. A model was developed to correlate each
grey-level class to forage production and grazing capacity.
A conventional range survey was conducted on the study area
and the results compared with the grey-level class model.
This demonstrated that grass/forb communities darkened with
increasing green biomass, but the model was unable to deal
with darkening due to soil coloring or woody shrubs and
trees.
An additional study was initiated to explore the applica
tions of the Multispectral Scanner on Landsat 4 to predict
green biomass and associated grazing capacity. Examination
of numerous images in the field found MSS Band 3 ratioed
over Band 2 provided grey-level classes associated in a
somewhat linear fashion with green biomass. This was
determined by clipping areas occurring in each grey-level
class. Grazing capacity could be determined for a certain
area by delineating the ratioed data for that area, densityslicing the selected area into grey-level classes using the
Linear Measuring Set, providing an average grazing capacity
for each grey-level class, and summarizing the grey-level
classes occuring in the selected area.
This methodology was tested further by processing ratioed
data for the Crow Tribal range units occurring in the
Bighorn and Pryor Mountains and adjacent Garvin Basin. Each
range unit was delineated on the imagery and grey-level
classes were developed. Correlating the grey-level classes
with green biomass production found difficulties due to
unpredictable data occurring in Band 2. This resulted from
environmental reflectances changing due to factors other
than green biomass.
In particular, soil colorings and
shadows posed serious problems. Landsat 4 MSS data was also
found to contain a coherent noise pattern.
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CHAPTER 1
INTRODUCTION
During the latter half of the 1960 f s, a series of
meetings and research efforts supported by the National
Aeronautics and Space Administration (NASA) were conducted
by NASA, university and other government scientists, to
determine the feasibility of remote sensing of Earth's
resources from space.

From these activities, known as the

Earth Resources Survey Program, was developed a concept of
dedicated Earth-orbiting satellites, the defining of
spectral and spatial requirements for their instruments, and
the fostering of research to determine the best means of
extracting and using information from the data-

In a

parallel program, the Department of Interior's Earth
Resources Observation System (EROS) Program carried out and
supported research in the use of remotely sensed data (Short
1976).
System Requirements
The team of scientists and researchers assembled by
NASA and EROS developed a list of requirements for the
space-born sensors.

These included the following: 1 )

multispectral images should be acquired, 2) data should be
collected from remotely located ground platforms, and 3 )
both photographic and digital data should be acquired and
produced in quantities and format suited for potential users
(Short et al. 1976).

To have applicability for potential
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users, it was determined that 1 ) repetitive observations
should be taken at the same local time, 2) images should be
overlapping? 3) images should be correctly located (<2.3
miles of exact location), 4 ) there should be periodic
coverage of all areas (<3 week intervals), 5 ) the lifespan
of sensors should be a minimum of one year, and 6 ) data
should be processed and distributed in a timely manner.
Spacecraft
The first satellite, known as ERTS 1, was launched on
23 July, 1972.

Thus, a series of satellites was initiated

that were later known as Landsats.

The first three satel

lites contained similar payloads and operated in similar
fashions (USGS 1979).

The orbits of these spacecraft were

at an altitude of 917 kilometers (570 miles).

Each satel

lite operated in a circular, sun-synchronous, near-polar
orbit with a nominal 9^30 a.m. crossing of the Equator in a
descending mode.

They circled the Earth every 103 minutes,

completing 14 orbits per day and viewing the entire Earth
every eighteen days (NASA 1976).

The launch of Landsat 2 on

January 22, 1975, was timed so that its orbit followed the
orbital track of Landsat 1 with a delay of nine days.
Landsat 3 was launched on March 5, 1978, as a replacement
for Landsat 1 which failed in December of 1977.
Landsat 4 was launched July 16, 1982 and Landsat 5 was
launched on March 1, 1984.

Each travels at a nominal

altitude of 705 kilometers (435 miles) in a circular, sun-
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synchronous orbit, and each collects data for all portions
of the Earth every sixteen days (USGS 1985).
All of the satellites were programmed to gather data in
a swath width of 185 kilometers.

The orbital pattern of

Landsats 1, 2, and 3 was such that the satellites gathered
data in the adjacent swath the following day, while the
orbits of Landsats 4 and 5 gather adjacent data eight days
later.

Each has an overlap of near 30% at 40 degrees

meridian.
Landsat Data
The sensors occurring on each of the Landsat satellites
and the electromagnetic data they obtain are displayed in
Table 1.1.

Data are of three types: Multispectral Scanner

(MSS), Thematic Mapper (TM ) and Return Beam Vidicon (RBV).
Multispectral Scanner
All of the Landsat satellites to date have contained
the Multispectral Scanner, which collects data in four bands
(NASA 1976).

These were called bands 4, 5, 6 and 7 for

Landsats 1, 2 and 3.

MSS sensors on Landsats 4 and 5

collect identical data bands as on the earlier Landsats, but
are referred to as bands 1, 2, 3 and 4.
band utilizes six detectors.

Each MSS spectral

Photomultipliers are used in

the first three bands while band 7 uses silicon photodiodes
to achieve extended infrared response.

The nominal instan

taneous field of view (IFOV) of each detector in bands 1, 2,
3 and 4 is 79 meters square as determined by the focal

4

LANDSAT SERIES OF SATELLITES
SPECTRAL
RESOLUTION
< um )
<C 4 )* 0.5 0 •6
— 0.6
(< 5
)
0.6
5
0.7
- 0.7
< 6 ) 0.7 0.8
0.8
(< 7 )
0.8 1.
>
- 1
.1
1

BAND
MULTI-SPECTRAL
SCANNER
(MSS )
(MSS)

1 -5

1
2
3
4

THEMATIC MAPPER
< TM )

4-5

1
1

RETURN BEAM VIDICON
(< RBV )

1
1 -2
-2

1
1

3

2
3
1
1

2
3
4
5
6
7

0 .45
0.52
0
.52
0.63
0
.63
0.76
0
.76
1 .55
1 0 .40
2.08
0.475
0 .580
0 .690
0.505

SPATIAL
RESOLUTION
< m 2)
79
79
79
79

_• 0.52
0.52

30
30
30
30
30
120
1
20
30

0 .60
• 0.60
• 0.69
0.69
• 0 .90
• 1 .75
• 11 2.50
.50
• 2.35
2.35
-

-

0.575
0.575
0 .680
0 .830
0.750

SPOT SATELLITE

SENSOR

BAND

0.51 - 0.73

10

1

0.50

2
3

0.61

20
20
20

HRV1
HRV2

SPECTRAL
SPATIAL
RESOLUTIONC um) RESOLUTIONCm 2 )

0.79

0.59
0.68
0.89

* Landsats 1-3 - the four MSS Bands were numbered 4,5,6 &
7.
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length of the telescope, the nominal altitude of the
spacecraft, and the dimensions of the light pipes at the
focal plane.

A mirror scans a swath of 474 meters (6m by

79m) and returns to starting position each 36.71 milli
seconds, during which time the satellite has moved a
distance of 474 meters relative to the ground.

Radiance

values are obtained for each detector for each IFOV (USGS
1985 ).
Band 1 of the MSS sensor measures the radiance value of
0.5 to Q.6um of light.

This portion of the electromagnetic

spectrum is represented by the colors of blue and green
(Nassau 1980).

Band 2 measures radiance from 0.6 to 0.7um

which is dominated by the color red.

Band 3 (0.7 to 0.8um)

measures the first portion of the electromagnetic spectrum
beyond visible light and is called near infrared (NIR),
while Band 4 (0.8 to 1.1um) measures more of the NIR.
Landsat 3 contained an additional MSS sensor which utilized
mercury-cadmium-telluride detectors to measure thermal
emission in the range of 10.40 to 12.50um with an IFOV of
120 meters.
Thematic Mapper
Landsats 4 and 5 contain an additional payload called
the Thematic Mapper (TM).

This sensing system contains

seven bands of data (bands 1-7) occurring between 0.4512.50um with an IFOV of 30 meters.

Bands 1, 2 and 3 measure

the portions of visible light represented by the three
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primary colors, blue, green and red (Nassau 1980), in "that
order.

Band 4 measures "the NIR with a single band (See

Table 1.1).

This band has been narrowed (when compared with

MSS data bands) to measure the asymptote of NIR reflectance
from vegetation (Tucker 1977c).

Bands 5 and 7 measure the

reflectance in the short-wave infrared (SWIR) while band 6
measures the thermal emission.

The TM data swath width is

identical to the MSS system, but contains 6320 picture
elements (pixels) in the cross track direction (except TM
Band 7 which contains 1580 pixels) rather than the 3240
pixels occurring in the MSS cross track swath (USGS 1985).
Return Beam Vidicom Cameras
In addition to the Multispectral Scanner, Landsats 1
and 2 contained three return beam vidicom (RBV) cameras,
each sensing a different spectral band in the range of 0.48
to Q.83um.

On Landsat 3 two panchromatic cameras, operating

in the range of 0.51-0.75um, produced two side-by-side
images rather than three overlapping images of the same
scene (Short 1982).

When the cameras were shuttered, the

images were stored on the RBV photosensitive surfaces, then
scanned to produce video outputs.
Data Collection System
The original Data Collection System (DCS) utilized
remote ground receiving stations located strategically
around the world.

Information obtained by the satellites

was directly transmitted to the ground receiving stations
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when they were in range of each other-

When Landsat was out

of range of a receiving station, two Wideband Video Tape
Recorders (WBVTR) were used to store both MSS and RBV
information.

Information stored on the WBVTR f s was later

transmitted to a ground control system when in range (Short
1982 ).
In addition to the satellite data, information from
Data Collection Platforms (DCP ) was collected to obtain
ground data during passes of the satellite.

Information was

sent to Landsat from the DCP which, in turn, sent the data
to a ground receiving station.
At present, two Tracking and Data Relay Satellites
(TDRS) in geosynchronous orbits above the east and west
coasts of the United States receive data from Landsat and
transmit data to the Goddard Space Flight Center (GSFC).
The TDRS in orbit above the east coast sends data directly
to Goddard while the western TDRS sends data to a ground
receiving station located at White Sands, New Mexico.

This

receiving station does some initial processing of the raw
data and then transmits the information to Goddard via the
Domestic Communications Satellite (DOMSAT ).

The data are

processed at GSFC and then relayed via DOMSAT to the EROS
Data Center near Souix Falls, South Dakota.

Figure 1.1

illustrates this communication network.
Data Products
A variety of data products are available from the EROS
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Landsat Satellite.
Tracking and Data Relay Satellite (TDRS).
Ground Receiving Station (GRS ), White Sands, N. Mex.
Domestic Communications Satellite (DOMSAT).
Goddard Space Flight Center (GSFC).
EROS Data Center.

Figure 1.1.

Landsat Data Collection System in North America.
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Data Center (EOSAT 1987); the standard product list is
provided in Appendix A.

Products not listed under this

standard pricing sheet include a quarter scene of any
particular single-band image expanded to its maximum size at
1:125,000 scale.

This provides an image approximately 39

inches square.
Another unlisted product is data on floppy disks.
data are available on 8-inch, CPM format disks.

MSS

Thematic

mapper data are available on 5 and 1/4 inch, MS-DOS format,
floppy disks.

The 8-inch floppy contains MSS data 256

pixels wide by 240 pixels down, a format designed for the
Remote Image Processing System (RIPS).

The TM data are in a

generic MS-DOS format of 512 by 512 pixels.

Conversion

services are available in the private sector to nearly any
format desired from any product type.
Satellite data, then, offer opportunities to remotely
sense large areas of rangelands.

The purpose of my study

was to assess various methods of using remotely-sensed data
to determine application to range surveys.

Specifically, I

assessed 1 ) use of black-and-white aerial photographs to
classify green biomass and grazing capacity on rangelands
and 2) use of Landsat MSS data and vegetation indices to
classify green biomass to predict grazing capacity.

CHAPTER 2
LITERATURE REVIEW
Landsat Multispectral Scanner Data
Spatial Characteristics
MSS data are gathered by Landsat in an 185 km. swath
with an overlap of adjacent swaths by approximately 30
percent at the 40th meridian.

Data scenes are acquired

eight days apart on these adjacent swaths (Williams and
Carter 1976).

Each pixel represents the data from an area

approximately 79 meters square but is treated as spatial
data for an area of 79 meters by 57 meters, or 1.1 acres.
However, a recent description of MSS data (USGS 1985) lists
the pixel size as 57 meters square on products after
February, 1979, due to resampling procedures.

Thus, each

pixel is treated spatially as an area of 0.8 acres.

The

EROS Data Center was unable to confirm this information in a
personal communication.
Spectral Characteristics
MSS data consist of four bands (five on Landsat 3) that
measure the reflectance of a continuous portion of the
electromagnetic spectrum.

The reflectance from vegetation

as measured by these sensors is displayed in Figure 2.1
(USGS 1984).

Briefly, the visible portion of the light wave

is absorbed by vegetation and the near infrared is reflected
(Tucker 1976).

Band 1 (Band 4 on Landsats 1,2 & 3 ) is

commonly described as blue-green.

10

Everett (1985) found blue
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BAND 1

(Blue-green)

BAND 2 (Red)
127-t

DMA
NO.'S

O

LBS/AC

3000

0

GREEN BIOMASS
BAND 3 (NIR)

LBS/AC
3000
GREEN BIOMASS

BAND 4 (NIR)
127"

DATA
NO.'S

1
0

LBS/AC

3000

GREEN BIOMASS

Figure 2.1.

LBS/AC
GREEN BIOMASS

Relationships between green biomass and
radiances recorded by the sensors on the
Multispectral Scanner aboard Landsat.

3000
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(0.45-0.5Qum - Thematic Mapper Band 1 ) to be absorbed by
chlorophyll and carotenoids occurring in plant tissues.
Tucker ( 1976, 1977b ) described the reflectance and absorp
tion of vegetation for most of the MSS spectrum.

He found

blue-green ( 0.50-0.62um ) to contain few good correlations
except in the amounts of nitrogen in (single species) crops.
Higher green reflectance occurs when plants contain more
nitrogen.

Red ( 0.63-0.69um ) was found to be absorbed by

clorophyll a and clorophyll b.
absorb the red.

Wet biomass also appears to

Near infrared (0.74-1.0um) may be reflected

by clorophyll combined with water.

However, recent investi

gations (Tucker and Sellars 1986) conclude that NIR reflec
tance appears to be due to the processes associated with
plant production rather than any specific components occur
ring in the plants.
Visible light ( 0.45-0.69um ) may be strongly affected by
soils (Richardson and Wiegan 1977).

Areas with low density

vegetation may be at risk for meaningful vegetation informa
tion due to soil background coloring (Resource Analysis Inc.
1986).

In contrast, Tucker (1977a) concluded that red

worked best with low density vegetation.

He also found

infrared better with higher density vegetation.

Timbered

vegetation may contain problems in measuring and analysis
due to understory effects.

Shadows greatly affect visible

light and affect infrared to a lesser extent (Colwell 1974).
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Vegetation Indices
A large number of vegetation indices have been employed
utilizing Landsat data since the satellite program began.
When utlizing MSS data, the primary application revolves
around the reflectance of near infrared <NIR) and the
absorption of red by vegetation (Rouse et al. 1973)
Figure 2.1 displays the relationship between NIR (Bands
3 and 4 ) and visible radiances (Bands 1 and 2 ) with respect
to green vegetation.

The red radiance exhibits the non

linear inverse relationship between integrated spectral
radiance and green biomass, while the NIR exhibits a
nonlinear direct relationship.

It is apparent that a

spectral radiance asymptote is more quickly reached for the
red radiance than the NIR radiance with respect to green
biomass (Gausman et al. 1976, Tucker 1977c ).

The vegetation

indices attempt to provide a linear relationship between the
vegetation properties that directly affect the reflectance
of NIR and the absorption of red.

In addition, soil

backgrounds may negatively affect the reflectances, but the
indices may even out (normalize) these potential discrep
ancies (Colwell 1974).
Three major vegetation indices have been developed and
remain in use today.

These are the NIR/red ratios, the

Normalized Differences and the Transverse Vegetation Index.
The Kauth-Thomas Transformations, including the Green
Vegetation Index and the Soil Brightness Index, also remain

14
in use today.
Near Infrared/Red Ratios
The NIR/red ratios are vegetation indices commonly used
by land managers (Colwell 1974).

Commonly referred to as

6/5 and 7/5 ratios, due to their development prior to
Landsat 4? these ratios are accomplished by dividing the NIR
value by the red value and multiplying by some factor,
usually 50 or 64.

This allows spreading the data across the

range normally used by image processing systems of 0 to 255,
since MSS data occur in the range of 0 to 127 (Gonzalez and
Wintz 1977).

Green biomass categories are normally associ

ated with these new data values.
Perhaps the greatest debate regarding the utility of
the ratios is which NIR MSS band provides the better
information, band 6 or band 7.

Tucker and Miller (1977)

described the 6/5 ratio as less sensitive to variations in
soil background color than the 7/5 ratio.

Other studies

(Johnston 1976, Maxwell 1976) have also indicated the 6/5
ratio is more sensitive to variations in green biomass.
This may be due to the nature of the sensor, as the Band 6
sensor is capable of recording *128 discrete radiance levels,
while Band 7 only provides 64 (USGS 1985).

Strangely, land

managers appear to favor the 7/5 ratio in developing their
studies and analysis (personal observations).
Normalized Pifference
This vegetation index is popularly used wherever multi-
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spectral data are available.

Initial development occurred

(Rouse 1973) as mathematical means to average out the
brightness of data scenes and reduce exaggerated effects
that may occur from simple ratios of the data.

Variations

in soil colors, vegetation densities, standing water and
other physical factors that may provide unwanted dramatic
contrasts when ratioed, may be normalized for a better
appearance (Deering 1978).
This index is developed by subtracting the NIR value
from the red value and dividing that result by the results
of adding the NIR and red values and multiplying by some
factor, e.g., NIR-red/NIR+red * Factor.

A large factor is

needed as the initial mathematics always provide a fraction
al value.

In addition, a factor (usually of one) is added

to the NIR-red value to prevent any zeros from occurring and
computer errors being reported.

Either Band 6 or Band 7 may

be used and are labeled as ND6 or ND7.
Transverse Vegetation Index
The Transverse Vegetation Index (TVI), as the Normaliz
ed Difference, was developed initially to monitor rangelands
and crops (Rouse 1974).

Proponents of this index regard the

TVI as the most accurate of the vegetation indices and the
least likely to be affected by changes in soil colors or
other problems (Cheng 1985).

It is accomplished mathematic

ally by taking the square root of the initial calculations
of the Normalized Difference and multiplying by a large

factor, e.g., SQRTCNIR-red/NIR+red) * Factor.
Kauth-Thomas Transformations
Two vegetation/soils indices developed in the mid
1970*s (Kauth and Thomas 1976) are the Green Vegetation
Index (GVI ) and the Soils Brightness Index (SBI).

Unlike

the ratios discussed above, these indices utilize all the
MSS bands by supplying appropriate modifiers for each.

The

Green Vegetation Index is mathematically developed as:
GVI = -Q.29MSS4 -0.56MSS5 +0.60MSS6 +0.49MSS7,
and the Soil Brightness Index is represented as:
SBI = 0.43MSS4 *Q.63HSS5 +Q.59MSS6 +0.49MSS7.
These indices remain in discussion and use today and
are commonly regarded as "greenness" and "brightness".
Strangely enough, a detailed examination of these indices
found the Soil Brightness Index to be highly correlated to
the vegetation indices discussed earlier in this chapter
< Deering 1978 ).
Other Methods
Other less-popular vegetation indices also remain in
use today.

The Perpendicular Vegetation Index (Richardson

and Wiegand 1977) is represented as actual effects in the
calculations, e.g.,
PVI = SQRTC(Red Soil-Red Vegetation )2 + <NIR Soil-NIR
Vegetaion ) 2 3.
Other combinations of bands to assess biomass, greenness,
soils, etc., are in use and are being

developed.
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Other techniques have also been developed to examine
vegetation.

False color composites are commonly utilized to

display data from three bands.

Each band is associated with

a color (hue), and the actual data numbers are utilized for
intensity and saturation of the (band) color.

Supervised

classifications allow the user to identify certain areas in
the image and utilize these data to develop classifications
and expand them throughout the image.

Accuracy of Vegetation Indices
Tucker (1979) examined the NIR/red ratio and the
Normalized Difference vegetation indices plus their square
root counterparts - SQRT(NIR/red ) and SQRT(ND) (or TVI).
Rouse (1973, 1974) and Nalepka (1977 ) suggested the data
distribution for NIR/red and ND is Poisson and the square
root equivalents were more linear.

All four were examined

by Tucker using data for June, September and October and all
four were found to be significant using regression analysis.
Less than four percent difference occurred between the
vegetation indices for the June data and less than six
percent difference using the data for all three dates.

All

were found to be very similar for estimating the photosynthetically active biomass.

CHAPTER 3
METHODS
Use of Black-and-White Aerial Photography
The initial phase of the study was conducted by use of
black-and-white aerial photographs on a portion of the Crow
Indian Reservation in southeastern Montana.

The Linear

Measuring Set, a special video digitizing machine capable of
separating grey levels from photographs or images, located
at Crow Indian Agency, Crow Agency, Montana, was chosen for
analysis of the photographs.

The analysis consisted of

density-slicing (separation of grey levels) 1*24,000 aerial
photographs and correlating these grey levels to plant
communities and forage production.

The Indian lands east of

the Little Bighorn River were selected for examination.
Portions of the study area were selected for examina
tion, delineated on the aerial photographs, and densitysliced with the Linear Measuring Set.

Fourteen initial

classes from brightest to darkest were developed and
identified on contour maps.

Each type was field examined

and related to plant community, precipitation zone and
grazing capacity.

Thirteen potential categories of vegeta

tion types by Precipitation Zone and associated grazing
capacity (ac/AUM) were developed (see Table 3.1).
The remaining portions of the study area were examined
utilizing the aerial photographs and the Linear Measuring
Set.

The categories (density-slice classes) were field
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examined and notes developed regarding the reasons for the
variation in grey level reflectance observed on the photo
graphs.

Range conditions and forage production classes were

also noted.

TABLE 3.1.

PPT.
ZONE
10-14"

15-19'

Grey level classes associated with vegetation
types and estimates of grazing capacity by <SCS)
Precipitation Zones for the Wolf Mountains on
the Crow Indian Reservation.

GREY LEVEL
CLASSES
0-169
170-183
184-255
0-1 59
160-168
169-186
187-255

20-24*

0-1 49
150-160
161-168
169-174
175-255

VEGETATION
TYPE
VERY DRY GRASS
DRY GRASS
MOIST GRASS/SHRUBS
DRY GRASS
MOIST GRASS
VERY MOIST
GRASS/SHRUBS
CONIFERS
ROCKS & SLUMPS
MOIST GRASS
MOIST GRASS/SHRUBS
OPEN PINES
DENSE BRUSH

AC/AUM
7.0

6.0
4.0
4.5
3.0
2.5
7.0
0
3.5
2.0
4.5
NONE

Use of Landsat MSS Data
A second study was initiated to test Landsat imagery as
a potential database for monitoring of rangeland resources
with the Linear Measuring Set.

Township T5SR28E (See Figure

3.1 ) was selected for analysis due to its topographic and
vegetative diversity.

It contained two precipitation zones

and three Geographical Areas (See Figure 3.2) as defined by
the Soil Conservation Service (Zacek et al. 1977).
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1

... I

Study

Figure 3.1.

Area

Township selected to test Landsat imagery for
analysis of rangeland resources.

21

T5SR28E
VSP
10-14'

15-19

Geographical Areas
ESP = Eastern Sedimentary Plains
WSP = Western Sedimentary Plain
F&M = Foothills and Mountains

Figure 3.2.

Geographical Areas and Precipitation Zones for
Township T5SR26E, Crow Indian Reservation.
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Prior to image processing of Landsat data, I developed
a detailed plant community map for the township.

Species

occurrence, forage production and percent bare ground were
recorded for each plant community (See Table 3.2).

In this

manner, I had actual field data to compare with MSS data to
develop prediction models.

Table 3.2.

Typic description of a vegetation mapping unit
including modifiers.
PLANT COMMUNITY

Name:
Mapping No:

Bluegrass/Wheatgrass
040

TYPIC DESCRIPTION
Elevation: 4150
Range Site:
Aspect: SW
% Range Condition:
Grazing Capacity (AC/AUM):
PPT Zone: 10-14"
Slope Class: 1
Physiography: upland bench
Percent Bare Ground:

SPECIES
Woody Plants
Svmphoricarpus spp.
Other
Graminoids and Forbs
Poa pratensis
Agropvron smithii
Stipa viridula
Bromus .i apon./tectorum
Poa sandbergii
Forbs
Other
Modi f iers
Mapping No.
040-L

040-3

AC/AUM
4.4

4.6

% CANOPY
COVERAGE.

2
3

Clayey
65
3.9

HEIGHT(m)
1

.5-1

20 - 30
20 - 40
5-8
1 0 - 30
4-6
5-10
5-10

Reason
Low productivity due to heavy past
grazing.
Slope Class 3.
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I "then travelled to the Remote Sensing Institute, South
Dakota State University, which was contracted to provide the
image processing for the study area.

A search of available

Landsat data near the peak of the growing season found MSS
data for May 23, 1983, as the appropriate choice.

Utilizing

these data and the Remote Image Processing System (RIPS), we
processed a large variety of images.

These included six

images of the Kauth Thomas Transformations, two false color
composites, four supervised classifications and four twoband ratios including bands 4/2, 3/2, 2/1 and 4/1.

For

initial review purposes, each image was photographed on the
screen and developed into 5 by 7 inch prints.
Mr. R. Best of the Remote Sensing Institute accompanied
me for the initial field review of the processed images.
Images were visually examined on the study area to determine
their accuracy and potential applications.

Five images were

selected for expanded image development utilizing a film
recorder and additional field analysis.
Green Vegetation Index, a

They included the

false color composite, a super-

vized classification with nine classes, the 4/2 ratio and
the 3/2 ratio images.

Film recorder images were then

developed for analysis.

An acetate overlay of USGS topo

graphic maps was also developed for use in locating study
sites in the study area.
I then used the five images to conduct additional field
analyses.
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Classification of Ratioed 3/2 Landsat Data
Preliminary analysis of the 3/2 ratioed imagery
provided an indication that it can be categorized for forage
production and grazing management.

Development of classes

of green biomass and associated grazing capacities was
performed in the following manner!

I used the Linear

Measuring Set to density-slice the 3/2 ratio imagery, in a
mechanical fashion, into equal-interval (grey-level)
classes, with each successive class separated from the
image.

Nine classes were successively density-sliced from

the image and saved on a floppy disk.

Individual and

composite maps were developed on the Linear Measuring Set
and plotted on paper with a printer so they could be used in
the field.
The next step was to locate plots of each density-slice
category on the ground.

Each plot consisted of four or more

contiguous pixels (1 pixel = 1.1
slice category.

acre) in the same density-

This was accomplished by first examining

the paper-plotted classes and the 1*24,000 image with
contour overlay to locate easily-identifiable landscape
features on the image.

Compass bearing and distance was

then determined from a topographic feature to the pixel
group center.
Once the proper density-slice class was located on the
ground, representative plots were randomly selected for
clipping and weighing the current year's green biomass.

A
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0.5 square meter metal frame was used to sample the vegeta
tion's green standing biomass which was clipped, air-dried
in cheese-cloth bags, and the weight recorded in grams on a
special form developed for this job (See Appendix B).

Dry

weight (grams) multiplied by 20 converted the estimates to
pounds per acre.
Use of MSS Data in the Bighorn and Pryor Mountains
The next step in assessing use of MSS data for range
surveys was to expand the study area into a much greater
variety of conditions.

An agreement was reached with the

Bureau of Indian Affairs to conduct a range survey of the
tribal lands of the Bighorn and Pryor Mountains utilizing
MSS data and the procedures previously described.
Study Area
The study area includes the Bighorn and Pryor Mountains
along with a portion of Garvin Basin which lies between them
(see Figure 3.3).

Garvin Basin, a benchy basin adjacent to

the Bighorn River where it enters Montana from the south,
was included to provide a cold desert vegetation type.

This

basin has very low annual precipitation, estimated between
six and eight inches (Ross et al. 1982), and contains plant
species common to the Great Basin to the south, i.e.,black
sage (Artemesia arbuscula nova) % Great Basin big sage
(Artemesia tridentata tridentata) and mountain mahogany
< Cercocarpus montanensis ).
Adjacent to Garvin Basin on the east, the Bighorn
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BIGHORN
MOUNTAINS
GARVIN
BASIN

CROW INDIAN RESERVATION

Figure 3.3.

Study Area selected to test Landsat MSS data
for conducting range surveys.
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Mountains rise to elevations above 9,000 feet.

Average

annual precipitation exceeds 20 inches in the highest
elevations, with the main portion of the area in the 15-19
inch range.

Timbered vegetation dominated by Douglas-fir

(Pseudotsuga menziesii ) and lodgepole pine (Pinus contorta )*
occur on the steep and rocky portions of the Bighorn
Mountains, with lush grasslands of Idaho fescue < Festuca
idahoensis ) % bluebunch wheatgrass < Agropyron spicatum ) and
mountain bromes (Bromus spp.) occupying the benchy ridgetops
with deep, calcareous soils.
The Pryor Mountains contain similar precipitation and
vegetation as the Bighorn Mountains.

However, these

mountains are much more dissected by streams and lack the
large amounts of benchy areas occurring on the Bighorn
Mountains.

Timbered vegetation dominates the Pryor Moun

tains.
Both mountain ranges are primarily limestone capped
with deeply incised drainages.

These mountains appear to

represent block-sliding masses of earth resulting from major
uplifts in the Absaroka-Beartooth region to the west.
Garvin Basin exists behind the wake of the moving range,
while the Rosebud and Wolf Mountains to the east are ripples
of this movement.
Access to the areas is difficult and limited to tribal
members or requires special permission from the Crow Tribe.
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Image Processing
The image processing for the study area was done by
Microimages, Inc. of Lincoln, Nebraska.

Utilizing data

which I provided, this organization developed ratioed
Landsat 4 data of Bands 3 over 2 (labeled as 6/5 ratio data)
in quad map format.

Sixteen images were generated in black

and white and photographed in slide format.
Data were selected from a variety of Landsat MSS
images.

This was necessary due to the difficulty of

obtaining cloud-free data in this mountainous region during
the growing season, and because of problems associated with
having a study area located where four data scenes converge.
Due to the lack of a single good scene to use for the study
area, most of the data ordered was provided in 8-inch,
floppy disk format.
The slides of the study area (quads) were converted to
8 X 1 0 inch photographs, with special instructions to the
developers to utilize the same format for all the photo
graphs to maintain consistent grey levels.

Quad maps of the

study area were reduced to 1*62,500 for closer fit with the
developed images.

No overlap with adjacent quads (photo

graphs) allowed the images to be examined in their entirety
with the Linear Measuring Set.

These photographs were

overlain with contour data utilizing the dual vidicon
cameras on the Linear Measuring Set.

Range Units were

located on the reduced quad maps for development of data
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"windows" for summarization of grazing capacities for each.
Range Analysis
Analysis of the Landsat data utilizing the Linear
Measuring Set was conducted for each range unit utilizing
the procedures developed in the previous study.

Each range

unit was summarized by acres of each grey level occurring in
the unit.

Each grey level was assigned a grazing capacity

according to the forage production associated with it.
Each Range Unit was examined in the field for correla
tion of grey levels to forage production.

Estimates of

green biomass and associated grazing capacities were
conducted in the field utilizing the images and the densityslice maps developed with the Linear Measuring Set.

Notes

regarding the accuracies of the categories and unusual
factors affecting the reflected light were recorded.

CHAPTER 4
RESULTS AND DISCUSSION
Use of Black-and-White Aerial Photography
The grey level classes separated from the aerial
photographs with the Linear Measuring Set ( LMS ) displayed,
as a general rule, that increasing darkness may be
interpreted as increasing green biomass and higher forage
production.

However, this was found to be true only in

grass/forb communities with a consistent soil background of
light colors and/or dead, organic material (plant residues).
Grey level classifications of photographs which include
shrub communities and/or dark, exposed soils could not be
accurately categorized.
The model for estimating green biomass is illustrated
in Figure 4.1.

Nine grey level classes were determined to

be appropriate for estimating green biomass on the 28
sections of rangeland in this study.

When each section was

assessed with this model, the values were converted from
green biomass to an estimate of grazing capacity.
A comparison of grazing capacity estimates derived from
the grey level class model with the 1983 field survey is
displayed in Table 4.1.

Of the 28 sections, the grey level

class model estimated the grazing capacity higher than the
1983 field survey on 9 sections and lower on 19 sections.
Regression analysis found r 2 = .43.

The field survey

estimated grazing capacity at 5,279.5 AUM's on the total
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0.9 0.8 -

0.6 -

0.5 0.4

-

0.2 -

11
•

Figure 4.1.

155

175

GREY LEVELS
GREY LEVEL CLASS

Green biomass (lbs/acre) by grey level class.
Increasing grey level classes provide less
green biomass. The points on the line graph
represent the figures used in the LMS model.
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Table 4.1.

Estimates of grazing capacity <AUM's/section)
based on 1983 field measurements contrasted with
LMS estimates (r 2 = .43).

Grazing Capacity (AUM f s/section )
1983 Field
Measured
LMS

Location
T2SR35E
T2SR37E
T1SR35E
T2SR37E
T2SR36E
T1SR38E
TISR36E

Sec.
Sec.
Sec.
Sec.
Sec.
Sec.
Sec
Sec.
.

7
24
21
21
1
18
9
20
25

96.6
197.7
1 04.4
125.6
154.9
1 51 .4
1 06.0
1
06. 0

1100.1
00.1
99.8
93.8
1 01
1
0 1 .8
.8
11 06.8
06.8
93.9
1 03.1

15-19*

T7SR38E
T9SR38E
T7SR36E
T3SR37E
T3SR38E
T9SR36E
T5SR38E
T5SR36E
T6SR36E
T4SR36E
T4SR37E
T8SR37E
T8SR36E
T3SR37E
T4SR37E
T8SR38E

Sec.
Sec.
Sec.
Sec .
Sec.
Sec.
Sec.
Sec.
Sec.
Sec.
Sec .
Sec.
Sec .
Sec.
Sec.
Sec.

15
15
15
29
3
20
9
15*
31
27
29
32
8 *
27
31
12
1
2
1
16
6

164.5
173.2
254.0
172.1
1 72.1
237.6
251 .3
118.8
203.8
1156.6
56.6
268.6
268.6
21 4.1
227.2
202.7
270.8
21 4.6
231 .4

218
218.6
224.6
224
207.7
207
230
230.4
220.3
220
63
1163.0
157.6
1 57
21 3.2
224.0
21
213.6
3.6
208.3
201 .8
21 3.3
21 1 .4
212.6
21 2.6
1 97.4

20-24"

T5SR37E
T6SR37E
T9SR37E
T7SR37E

Sec.
Sec.
Sec
Sec.
.
Sec.
Sec.
Sec .
Sec.

21*
26*
34
34

176.4
222.1
222.1
231 .2
242.2

197.2
1 97.2
135.5
1 35.5
1 72.8
172.8
1 35.8

5,279.5

4,769.1

TOTALS

* = Partial section or contains farmland.
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areas, while the model placed the estimate at 4,769.1 AUM f s.
Table 4.2 shows the maximum percent deviation of
grazing capacity estimates derived from the LMS model
compared to field survey estimates on the 28 sections.

On 7

sections, the percent deviations was no more than 10
percent.

Eighteen of the sections had estimates within 30

percent of the field survey estimates, while the maximum
percent deviations on all sections was 50 percent.

When

comparing the total AUM's estimated by each method, the LMS
model underestimated the AUM f s by 10 percent.

Table 4.2.

Comparison of percent deviation of grazing
capacity estimates of LMS model from field
survey estimates on 28 sections of rangelands.

NUMBER OF
SECTIONS
7
12

14
16
18

22
25
27
28

MAXIMUM
PERCENT
DEVIATION
10
15
20
25
30
35
40
45
50

The general rule of the darker the density slice class,
the greater the forage production, was due to increasing
green biomass.

As the green biomass increased, so did the

absorption of the visible light.

When used with equipment

capable of separating the various shades of grey, black-andwhite photographs provide information in the form of a
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single, panchromatic band of visible light.

Each grey level

may be interpretated as a data value related to the amount
of reflectance of visible light.

As described earlier

(Figure 2.1 >, low data values may be expected with high
green biomass.
Deviations from this general rule are a result of items
other than green biomass present in the photography that may
absorb and reflect the visible light.

Where significant

amounts of soil are exposed, the reflections of light will
change accordingly.

Dark soils will lead to darker grey

level classes, easily confused with higher green biomass.
Light-colored soils may provide opposite results.
Shrub and tree communities contain other elements
affecting the visible light, namely, shadows and woody
material.

Dense stands of shrubs and/or trees absorb a

large portion of the visible light and, even small amounts
of taller, woody plants can affect the grey level classifi
cations.

Only rangelands with 1) high amounts of green

biomass present, 2) spaces between plants filled with plant
residues (yellow biomass) or a very consistent soil color
ing, and 3) few or no woody plants, can be accurately
measured using grey level classes from aerial photographs.
Use of Landsat MSS Data
Each of the expanded images was examined utilizing
easily-identifiable points in the field and on the images.
The distribution of plant communities and estimates regard
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ing the production of green biomass were primary concerns in
the field examinations.
The Green Vegetation Index (Figure 4.2) provided poor
contrast and displayed only broad classes of green biomass
production.

Locating each class on the ground, examining

species composition and estimating the ranges of green
biomass production in each plant community, revealed these
classes to be somewhat accurate.

However, they failed to

discriminate smaller areas with different plant communities
and biomass productions.
The False Color Composite Classification (Figure 4.3)
provided some good distinctions among plant communities.
But examination and estimation of the green biomass in each
plant community within each category demonstrated that this
classification failed to properly separate similar communi
ties with lower and higher biomass production.

The classi

fication appeared inaccurate due to low sensitivity to
changes in biomass production.
The Nine-Class Supervised Classification (Figure 4.4)
provided good delineation of certain categories.

In

particular, sagebrush communities were accurately categoriz
ed .

Stands containing silver sage (Artemesia cana), big

sagebrush (Artemesia tridentata) and low sagebrush (Arteme
sia arbuscula) were properly delineated.

However, this

image failed to delineate many important, moderate produc
tion categories.

Examination of each supervised classifica-'
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Figure 4.2.

MSS image using Green Vegetation Index to map
green biomass in rangeiands.
Image data
are
accurate with several, broad classes.
Poor
contrast and few categories limit usefulness of
d a t a.
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Figure 4.3.

MSS image using False Color Composite Classifi
cation.
Good separation of many plant communi
ties found on image.
Poor separation of high
and low green biomass production areas limit
usefulness of data.
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Figure 4.4.

MSS image using Nine-Class Supervised Classifi
cation to map green biomass on rangeiands.
Image separated shrub communities and high and
low green biomass areas well.
Inability bo
separabe and cabegorize bhe moderabe producbion
planb communibies limib bhe usefulness of bhe
d a b a.
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tion, and noting plant communities and estimating green
biomass production in each, showed that a variety of plant
communities and green biomass productions occurred in many
of the classes.

Continued refinement of the classifications

might allow for better discrimination of plant communities,
but would require large amounts of work, and the probabili
ties of success appears low-

There didn't appear to be

sufficient data available from the MSS sensors to allow for
narrow and accurate, supervised categorization.
The 4/2 Ratio imagery (Figure 4.5) appeared to provide
good separation of categories by estimates of green biomass
production.

In locating each classification and noting the

plant communities and green biomass productions, I found
little relationships with the plant communities.

However,

the green biomass occurring in each was similar and predict
able.

Forage production categories with ranges of approxi

mately 200-300 pounds/acre appeared to be properly delineat
ed.

Field examination of low biomass production areas

revealed that these areas were least sensitive to the
ratioed data, which would limit the usefulness of these data
on low-production rangeiands.
The 3/2 Ratio imagery (Figure 4.6) appeared to provide
excellent separation of categories by green biomass produc
tion.

Forage production categories with ranges of 100-200

pounds/acre appeared separable.

Each area examined provided

predictable results regarding estimates of green biomass
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Figure 4-5.

MSS data using a 4/2 Ratio to map green biomass
on rangeiands.
Image displays good sepration
of green biomass categories.
Wide-ranging
biomass production categories (>200 lbs.) and
lack of sensitivity to very low biomass
production areas limit usefulness of data.
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Figure 4.6.

MSS data using a 3/2 Ratio to map green biomass
on rangelands.
Image displays good separation
of green biomass categories.
Narrow-ranging
biomass production categories (<200 lbs/acre)
and good sensitivity to highest and lowest
green biomass areas, made this image the data
of choice.
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product-ion.
Based upon this preliminary field examination, the 3/2
ratio imagery was selected for use in developing prediction
models for green biomass and associated grazing capacity.
Classification of Ratioed

3/2 Landsat Data

The image of ratioed 3/2 data was classified using the
LMS, then each class was examined in the field.

Field

measurements for each of the grey-level categories densitysliced from 3/2 ratio imagery are displayed in Table 4.3.
Examination of the means and variations within a class shows
a good fit between the grey level classes and biomass
production < r 2 = .97), but a rather large amount of varia
tion exists within the categories.

For example, class no. 2

contains an estimated range of 300 lbs/ac in the category of
700 to 1,000 lbs.

The mean fits the category well at 796

lbs, but the associated confidence interval is plus or minus
148 lbs at only 68 percent confidence.

At the 95 percent

confidence interval < two standard deviations), the range is
nearly 300 pounds plus or minus.

When related to grazing

capacity, this range extends well into the higher production
class estimate and completely across the lower class (see
Table 4.4).
Sources of Variation
The variability occurring within the classes may be due
to factors other than the resolving abilities of the
sensors.

For example, the sample size may not have been
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4.3.

Green biomass data (lb/ac ) by grey level class
for Landsat MSS 3/2 ratioed imagery classified
with Linear Measuring Set.

Green Biomass Field Data

1
2

3
4
5
6

7
8
9

ib

a
1
2

3
4
5
6

7
8

9

Grey Levels
0 - 45
46 - 75
76 - 95
96 - 1 1 5
1 1 6 - 1 35
1 36 - 1 55
156 - 165
1 66 - 1 75
1 76 - 255

4.4.

Mean C Lb/Ac )
1,140
796
580
476
423
348
232
1 75
95

*1 S.D.
1 15
1 48
86
46
37
65
56
36
33

S.D
230
296
1 72
92
74
1 30
112
72
66

*2.

Model for estimating grazing capacity <ac/AUM)
using Landsat MSS 3/2 ratioed imagery classified
with the Linear Measuring Set.

Estimated
Green
Biomass
< Lb/ac )
1 ,000 - 1,400
700 - 1 ,000
500 - 700
450 - 500
400 - 450
300 - 400
200 - 300
150 - 200
<1 50

Values
Grazing
Capacity
< Ac/AUM )
2.0
2.5
3.2
3.5
4.0
5.0
7.5
10.0
25.0

Measured. Values
Grazing Capacity
95% C.I .*
Mean
Ac/AUM
Ac/AUM
1 .58
1 .31 - 1 .98
1 .65 - 3.60
2.26
3.10
2.30 - 4.41
3.17 - 4.69
3.78
4.26
3.62 - 5.16
5.17
3.77 - 8.26
7.76
5.25 - 14.88
1 0 .29
7.29 - 1 7.48
18.95
11.18 - 62.07

* C.I. = Confidence Interval
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sufficient- to provide an adequate estimate of the true mean.
An increase in sample size might provide a better estimate.
Another problem may be that the image processing of the
ratioed data may contain hardware constraints for the grey
levels displayed.

Host monitors can only display sixteen

shades of grey and this may have influenced the categoriza
tion process.
The Linear Measuring Set provides 256 grey levels of
sensitivity.

However, it provides no control regarding the

external light sources and their effects on the image.
Lighting within the room was developed to provide a variety
of indirect sources with no shadows.

However, there was no

control over the actual amounts of light that fell across
the image, and variable amounts of reflection may have been
present.
Environmental factors other than green biomass may also
have affected the MSS sensors.

Although unidentified in the

field analysis, soil coloring, shadowing, moisture, etc. may
have influenced the MSS sensors and the data values.
Improvement of the Prediction Model
Due to a perceived inadequacy in use of the 3/2
imagery, I decided to further explore the potential applica
tions of the Landsat imagery, in particular, the near
infrared/red ratio imagery.

Although a large amount of

variation occurred within each developed category, no actual
measurements occurred outside the predicted ranges.
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Furthermore, the categorization was (nearly) linear (see
Figure 4.6).

As green biomass increased, the ratioed pixel

value on the image increased.

This provided an image with

lighter areas containing higher green biomass and darker
areas with lower biomass.

This allowed separation and

categorization of the image with the Linear Measuring Set
into forage production and associated grazing capacity
categories. No

apparent discrepancies were identified.

Use of MSS Data in the Bighorn and Pryor Mountains
As described in Chapter 3, each mountain range unit
was: 1 ) delineated on the image, 2 )density-sliced into greylevel classes, 3) assigned biomass production and grazing
capacity to each class by field correlation, and 4) summar
ized for total acres and AUM's. (see Table 4.5 for example
of Range Unit 30).

A portion of the range units were

successfully inventoried in this manner.
However, obtaining (rangeland) green biomass estimates
for grazing capacity determination by ratioing Landsat nearinfrared data over red assumes the following:

1 ) the data

are accurate, 2) the data for each band are primarily
related to vegetation rather than other physical/envir
onmental factors, 3) the data scene selected is for a date
when maximum green biomass exists for measurement by the
Landsat sensors, and 4) the ratioed data are more closely
correlated to green biomass than are single bands of MSS
data. The following problems were exposed during the field
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TABLE 4.5:

Rang© Unit summary of LMS density slice of
imagery for ratioed Landsat data of Bands 3 and
2, Bighorn mountains, Crow Indian Reservation,
Montana.

RANGE UNIT 30
GRAZING CAPACITY
AC/AUM

GREY LEVEL
CLASS
1
2
3
4
5
6
7
8
9

(0-45)
(36-75 )
(76-95)
(96-115)
( 1 1 6-135 )
(136-155)
(156-165)
(166-175 )
(176-255)

2.0
2.5
3.2
3.5
4.0
5.0
7.5
10.0
25.0

ACRES
235
565
912
1 801
2276
251 2
1 31 0
527
462

AUM'
1 18
226
285
515
569
502
1 08
53
18

TOTAL ACRES = 10,600
TOTAL AUM f S = 2,394
AVERAGE GRAZING CAPACITY = 4.43 AC/AUM

analysis of the ratioed data when I tried to interpret "the
data for green biomass estimates.
Green Biomass Present
Green biomass was insufficient on some areas for
accurate assessment.

This was the case for Range Unit 21

which was examined using 30 June 1985 data.

Approximately

800 head of cattle began grazing this moderately high
elevation mountain pasture during the month of June.

These

cattle wintered in the adjacent Garvin Basin Range Unit and
were moved early to Range Unit 21 for summer grazing because
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of a drought and lack of forage in Garvin Basin.

An open

winter and spring allowed early access to the mountain
pastures.

Because of the early grazing in Range Unit 21,

almost no green biomass remained by June 30.
It was also obvious that images developed in diverse
terrain, having a variation in plant phenology, may require
multi-date data to provide accurate estimates of green
biomass.
4.7).

The Two-Point quad image is an example (See Figure

It includes variation from a desert environment at

around 4,000 feet elevation to subalpine vegetation at an
elevation in excess of 8,000 feet.

I found that I had to

use Landsat data for 23 May 1983 to assess green biomass in
the low elevation, desert portion because this represented
the peak of green biomass during a normal precipitation
year.

The best data available for the high elevation sites

was for 30 June 1985, a drought year.

No good information

was available on one single date for Two-Point quad due to
lingering snow at higher elevations and summer senescence of
grassy vegetation at lower elevations.
Dense Conifer Stands
Erroneously high estimates of forage production/green
biomass were provided by the near infrared/red ratio data in
densely timbered conifer stands.

The very high values of

the ratioed data were first considered to accurately
represent the green biomass present on these sites.

This

was perceived to be a problem in range surveys using these
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Figure 4.7.

Two Point Quad Image.
Problems associated with
this image include: 1) date of image with snow
in the highest elevations (dark areas), 2)
dense conifer stands displaying very bright
(light areas), and 3) diaganol striping in the
low production areas due to noise in the data-
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data, since "the very high value class containing these
timbered stands was categorized as unsuitable for grazing.
However, examination of the data and image processing of
these timbered areas showed that the problem occurs in the
ratioing of the data.

The near infrared band provides low

values for these areas, i.e., (MSS) data numbers of 40 to
50.

These were appropriate, as the high green biomass

grassland areas provided data numbers of 80 to 100.

The red

values of conifer stands were extraordinarily low, i.e.,
data numbers of 10 to 20.

Rangelands having high green

biomass provided red data numbers of 25 to 40.

The low

infrared values in conifer stands were more than offset by
the very low red values, and provided poor data in the form
of a ratio.

The large amount of shadows in the forested

areas appears to strongly absorb the red.
Variable-colored Soils
Misleading ratioed data occur in areas that have low
green biomass and variable colored soils.

This is especi

ally true in low precipitation areas which commonly contain
limited vegetative cover (green and yellow biomass) with
large amounts of exposed soils.

Areas containing exposed

soils, other than a light brown or tan color, provide
unpredictable results when ratioed, due to the effects on
the red band data.

Areas such as Garvin Basin contain large

expanses of bright red soils intermingled with brown and
light colored soils.

Thus, the ratioed data contain a mix
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of values that appear to have little to do with the vegeta
tive production.

An area north of Garvin Basin (also in a

droughty situation) contains some very dark soils with green
rock fragments (serpentine soils).

These soils absorb red

light and the ratioed data are also erroneously high.
Diagnonal Striping on Ratioed Data Images.
Striping of ratioed data images was observed in areas
with low biomass production (Figure 4.7).

The droughty

portions of the study area provided ratioed images with
diagonal striping from North-Northeast to South-Southwest.
Examination of the numerical data and individual bands
provided no clues regarding the reason for the striping.
However, a review of the literature did provide the answer.
A coherent noise pattern may be found in MSS data from
Landsat 4 (Tilton et al. 1985).

The noise signal source

appears to be a slowly drifting oscillator, possibly in a
voltage converter or regulator.

This oscillator noise

changes data number values in a wax and wane of only plus or
minus 1 to 3 values in its original form.

However, decom

pression of the raw data (from six bits to seven bits) may
amplify this.

Image processing that expands the values over

a larger range (256 values or eight bits) may amplify it
additionally.

Ratioed data expanded over a wide range may

provide the most significant noise pattern.
The noise in the data is not obvious in the ratioed
data images for areas with higher data numbers.

Low data
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numbers provide a higher percentage of noise, especially
when expanded.

Striping is not obvious in the June 30th

data for the higher elevations.

However, a review of the

numerous images developed for the single township of the
pilot study showed that Band 2 ratioed over Band 1 accentu
ates this noise.

This was also true for several of the

Kauth-Thomas Transformation images, including the yellow
matter image, the non-such image, and a composite image of
all the transformed data.
from Landsat 4.

These 23 May 1983, data are also

CHAPTER 5
CONCLUSIONS
Aerial photographs display darker with increasing green
biomass on grass and forb communities.

Woody shrubs and

dark soils also darken photographs and prevent developing a
model regarding brightness and green biomass.
Images processed in MSS bands, 3/2 ratioed format
provided good estimates of green biomass and related forage
production on many of the areas examined in the studies.
This is the result of increasing reflectivity in band 3 and
decreasing reflectivity in band 2 as vegetative production
increases.

The ratioed data numbers provide a near linear

relationship with green biomass.

The larger the number, the

higher the green biomass and the greater the forage produc
tion and livestock grazing capacity.

This allows delinea

tion (windowing) of the data for a particular management
area and determination of the grazing capacity for that area
(see Table 4.5).
However, inaccuracies may occur due to a variety of
factors.

Green biomass must have been present and actively

growing when the data were collected.

Heavy grazing or

attempted use of data when vegetation is dormant may provide
little information.

In addition, areas with significant

amounts of exposed soil may affect the data collected on
band 2, and render biomass predictions useless.

Various

colored soils will change the amounts of reflectivity
accordingly.
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Shadows pose another problem.

Although not identified

as a particular problem in these studies, the mid-morning
passing of Landsat may provide shadowed data on northerly
and westerly aspects.

However, shadows from timber and

brush did affect the data in these studies.

Coupled with

the absorption of band 2 data by woody material, 3/2 ratioed
data from timbered and brushy areas would not fit into green
biomass models developed for open rangelands.
The problems identified above with Landsat MSS data are
problems occurring primarily in the visible light region.
These are similar to the problems identified in utilizing
aerial photographs.

These studies demonstrate that utiliz

ing data from that portion of the electromagnetic spectrum
must be done with caution.
Lastly, Landsat 4 MSS data contain a coherent noise
pattern.

It should be avoided, or correction routines

should be applied to the data prior to use.
Future Range Surveys Using Remotely Sensed Data
Present technology allows for improvements in the use
of remotely sensed data for rangeland analysis.

Additional

bands of data in current Landsat and SPOT satellites provide
alternatives in estimating biomass and, perhaps, other
parameters considered important to range managers, including
range condition, soil moisture and temperature, plant
stress, etc.

Improved sensors are in place on the new

Landsat and SPOT satellites.
1 . 1 .

These are summarized in Figure
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Thematic Mapper Data
The Thematic Mapper ( TM ) multi-spectral scanner was put
into orbit and use on Landsat 4 in 1982.

It provides six

bands (bands 1-5,7) at 30 meter resolution and one band
(band 6 ) at 120 meter resolution (USGS 1985).

The visible

spectrum is represented by individual bands measuring blue,
green and red reflection while the near infrared band is
narrowed to the asymptote of reflectivity from green
vegetation (Ripple 1985).

It also provides two (moisture-

related) bands in the short-wave infrared (SWIR) and one
band in the thermal portion of the infrared (TIR).

In

addition to the increased resolution and number of data
channels, TM data have been found to contain less noise and
better spectral resolution than the MSS data (Tucker and
Sellars 1986).
SPOT Data
A French satellite, System Probatoire d'Observation de
la Terre , known as SPOT, was launched 21 February 1986.

It

contains two sensors in the visible light, and one in the
near infrared.

This multi-spectral scanner provides data at

20 meters square resolution.

In addition, Spot provides a

panchromatic band at 10 meter resolution, plus the ability
t-o aim the sensor at a specific target as it passes near
(Bengi 1982).
The increased resolution of the SPOT data provides new
capabilities to land managers.

Using simulated SPOT

imagery, Connors et al. (1987) was able to distinguish seven
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surface features (geomorphic ) which affect landscape
stability.

The 10-meter panchromatic band allowed identifi

cation of arroyas actively downcutting and allowed annual
measurements of rates of this process.

These could not be

observed with lower resolution data.
SPOT data may be queried and ordered similar to the
Landsat data.

An example search and explanation sheet may

be found in Appendix C.

One shortcoming in obtaining SPOT

data is the lack of an inexpensive image for review before
ordering the data (personal observations).
Vegetation Indices with the Newer Sensors
An improved IR/RED ratio corresponding to green biomass
is available with the Landsat Thematic Mapper and Spot data.
Higher spatial resolution and better spectral resolution
(256 levels on TM compared to 128 on MSS) will provide more
accurate categorization.

The panchromatic band (0.51-

Q.73um), HRV1 , on SPOT provides a larger measure of the
photosynthetically active radiation (PAR Q.4-0.7um) used by
plants (Tucker 1986).

When ratioed with the NIR, it may

provide better estimates of green biomass than the NIR/RED
ratio.
Examination of vegetation using the SWIR bands on
Thematic Mapper (Waring 1986) found SWIR to be absorbed by
the moisture in leaves.

Both green and dead leaves absorb

the SWIR and biomass estimates may be forthcoming.

Utiliz

ing an NIR/SWIR ratio on grassland vegetation with summer
data for an area near Missoula, Montana, I found that it may
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be feasible to develop biomass production categories.
Further testing is necessary to confirm the validity of
these biomass classes.
An examination of vegetation utilizing the TIR band
data on Thematic Mapper (Curan 1986) found that lower canopy
temperature was associated with higher vegetative produc
tion.

Stressed crops could be delineated with this band.

Initial investigations that I have made indicate that the
addition of TIR data and SWIR data, prior to developing a
ratio with NIR, provided a better classification of forest
types.

More study is needed on this also.

The problems regarding the effects of soils, shadows
and topography still remain.

In addition to problems

regarding soil coloring on the visible wave lengths, Maxwell
(1983) found that soils also affected both NIR and SWIR.
Shadows may be dealt with when darkened areas are separated
from the other data and normalized ( brightened).

Pierce

(personal communication) found that normalization of data
was useful when assessing leaf area index of dense stands of
timber.

My studies have indicated that the usefulness of

the data is limited on steep, northerly aspects where
shadows subdue the narrow range of reflections.

Topographic

models, utilized with the reflectance data, might provide
some methods of properly classifying the data.
Future Technology
On 31 March 1988, The U.S. Department of Commerce and
the Earth Observation Satellite Company (EOSAT) signed a
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$-220 million agreement to continue the Landsat program into
the 1990s (EOSAT 1988).

The development of Landsat 6 has

begun, with a tentative launch planned for June, 1991.

The

payload will contain an Enhanced Thematic Mapper (ETM) with
the same spectral and spatial resolution as previous
thematic mappers, but will include a new 15 meter <13 X 15m)
panchromatic band with a spectral resolution of 0.50-0.90um
(green, red and NIR combined )(EOSAT 1987).

The ETM will

also contain five additional bands with greater thermal
infrared separation.

Four of the bands will have a 60-meter

resolution and the other, a 120-meter resolution.

In

addition to the ETM, a Sea Wide Field Sensor (Sea-WIFS) with
eight bands from 0.443 to 12.0um and a spatial resolution of
1.1 kilometers, will be part of the payload (see Appendix D,
Landsat 6 Payload).
Later in the 1990s, an Earth Observing System, a space
platform with large number of sensors, is being planned for
orbit (NASA 1984, 1987).

A large number of sensors (100-

200) in the visible and infrared region will provide
detailed signatures of much of earth's exterior.

A variety

of active microwave sensors will penetrate clouds and the
earth's surface, to provide new sources of information.

The

atmosphere, and even the sun, will be monitored by the new
sensors.
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S

F o r s h i p m e n t s o u t s i d e t h e U . S . c u s t o m e r p a y s s h i p p i n g a n d h a n d l i n g c o s t . S e e current EOSAT shipping/handling chart.
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Green Biomass Clipping Form
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CLIPFIX, KFOP.MATIOi
01 a s^.
Rango Site
PPT Zens

~?ECIE5

Or eon wt.
(erams)

r,ry wt.
(grams)

10-1 l.i

1 5-1 9

Range Condition

rf
Lbs/Acre
Lbs/Ac re
Ifoisture
Ifoi stare (gms/.5m2 Xx 20)

ToUl v:t.

y
composition

W
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Spot Catalog Query and Explanation Sheet
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CATALOG QUERY RESULTS: E X P L A N A T I O N SHEET
Sf
GRS (K,J) A-DATE
ORIEN
INCID
UL CNR
LL CNR
069 286

86 07 10
--0
0 2.4
E0103522
E 0 1 0 26 3 6

+ 10.1
N0321451
N0314312

A-TIME
AZIM

H# SM
ELEV

10 07 25 1
+115.4

CC

TQ

GAIN
CTR
UR CNR
LR CNR

0000
0
000 E

+071.0

NNN

N0315612
N0320909
N03 13732

E01049 39
E0111246
E0110347

Sample Scene ID (21 Digits)
S#
GRS (K,J)A-DATE
A-TIME
H#
-

SPOT Satellite - 1
Tvo 3-digit numbers indicating nominal K and J values
Acquisition Date in year, month, day
Acquisition Time in hour, minute, second (GMT).
High Resolution Visible (HRV) instrument used, either
1 or 2
- Spectral Mode P (Panchromatic) or X (Multispectral)

SM

CC
TQ

GAIN
ORIEN

INCID

AZIM

ELEV
CTR

UL
UR
LL
LR

CNR
CNR
CNR
CNR

HABCH 1987

Cloud Cover by quadrant (in order? NW, NE, SW, SE)
0 = 0-10%, 1 = 10-25%, 2 * >25%
Technical Quality:
E - Excellent, G - Good, P - Poor,
D - Degraded (Scenes collected during the satellite
commissioning period FEB 21st to MAY 1st and listed as
degraded are excellent but the auxiliary ephemeris
data may be preliminary.)
S e n s o r G a i n : H *= H i g h , N = N o r m a l , L = L o w , f o r t h e
spectral bands P, XS1, XS2, XS3.
Orientation of image center scanline with respect to
geographic east.
A clockwise rotation corresponds to
a positive angle.
Incidence angle. The angle between the local vertical
at a point on the ground and the direction of the
satellite.
If the incidence angle sign is positive the
scene was imaged when the satellite HRV was pointing east
A negative angle refers to a west looking image acquisi
tion.
Sun Azimuth angle.
The origin is geographic north.
The angle is positive when the sun is in the NE and SE
quadrants and negative in the NW and SW quadrants.
Sun Elevation angle
Latitude and Longitude of the image center point in
degrees, minutes and seconds.
Upper
Upper
Lower
Lower

Left Corner
Right Corner
Left Corner
Right Corner

Latitude and Longitude in
Degrees, minutes and seconds
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Landsat 6 Payload
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LANDSAT 6 PAYLOAD
The Enhanced Thematic Mapper
(ETM), developed by Hughes
Santa Barbara Research Center,
is the primary sensor for the
Landsat 6 mission. It incorporates
the existing multispectral capability
of the Landsat 4/5 Thematic
Mapper, and adds a 15 meter pan
chromatic capability in the .5 9
micron range.Added power supply
and redundant multiplexers will
result in more efficient data
handling capability, i.e. simultan
eous band collection and data
recording.

Table 4

BAND

ENHANCED THEMATIC MAPPER
SPECTRAL BANDS

Table}

BANDS (am)

BAND

n

Pan
I
2
3
4
5
7
6

0.50
0.45
0.52
0.63
0.76
1.55
2.08
10.4

The baseline Sea Wide Field
Sensor (Sea-WiFS) provides a

Sea-WiFS BASELINE SPECTRAL BANDS

BAND
Center

BAND
Width

new opportunity for ocean
vessels to receive ocean color and
temperature data in real time.
Operational, research and
commercial users in marine
transportation, fishing and
mining/exploration can improve
their short and long-term
operations by using either directly
downlinked data or maps created
from recorded Sea-WiFS data.

PURPOSE

443nm
20nm
Low chlorophyll
1
500nm
20nm
Other Pigments
2
20nm
565nm
Baseline Chlorophyll
3
665nm
20nm
Susburface Scattering
4
40nm
Atmospheric correction
765nm
5*
44nm
Atmospheric correction
865nm
6
l.Oum
Sea-surface temperature
Hum
7
Sea-surface temperature
12um
l.Oum
8
•Blocked from 759 to 770 nm to minimize interference from the oxygen
absorption band.

A proposed modification to the
ETM sensor is the addition of the
Thermal Infrared (TIR)
capability Gcoscicntists and
specialists in Hydrology and
Vegetative Sciences have defined
commcrcial and research
applications for TIR which
include evaluation of
groundwater resources, global
volcanic activity, snow cover,
flood and erosion, and crop
yield.

TAB!, 5

0.90
0.52
0.60
0.69
0.90
1.75
2.35
12.5

GROUND
RESOLUTION
(METERS)
13 X 15
30
30
30
30
30
30
120

THERMAL INFRA RED (TIR ) OPTION*

BANDWIDTH
(um)
3.53 - 3.93

NEAT (K)

BAND
NO.
M

IFOV

8

60

8.20-8.75

0.48

9

60

8.75 9.30

0.47

10

60

10.20- 11.0

0.54

11

60

11.0 11.8

0.57

120

* Modification to F.TM

0.29

